Manuscript JN-00136-2011 (revised) 2 29 30 Intercalated (ITC) amygdala neurons are thought to play a critical role in the extinction of 31 conditioned fear. However, several factors hinder progress in studying ITC contributions 32 to extinction. First, although extinction is usually studied in rats and mice, most ITC 33 investigations were performed in guinea pigs or cats. Thus, it is unclear whether their 34 connectivity is similar across species. Second, we lack criteria to identify ITC cells on the 35 basis of their discharge pattern. As a result, key predictions of ITC extinction models 36 remain untested. Among these, ITC cells were predicted to be strongly excited by 37 infralimbic inputs, explaining why infralimbic inhibition interferes with extinction. To 38 study the connectivity of ITC cells, we labeled them with neurobiotin during patch-39 recordings in slices of the rat amygdala. This revealed that medially located ITC cells 40 project topographically to the central nucleus and to other ITC clusters located more 41 ventrally. To study the infralimbic responsiveness of ITC cells, we performed juxtacellular 42 recording and labeling of amygdala cells with neurobiotin in anesthetized rats. All ITC 43 cells were orthodromically responsive to infralimbic stimuli and their responses usually 44 consisted of high-frequency (~350 Hz) trains of 4-6 spikes, a response pattern never seen in 45 neighboring amygdala nuclei. Overall, our results suggest that the connectivity of ITC cells 46 is conserved across species and that ITC cells are strongly responsive to infralimbic stimuli, 47 Systematic desensitization, the approach clinicians often depend on to treat anxiety 52 disorders, has much in common with the procedure used to extinguish conditioned fear in the 53 laboratory. In both cases, the feared object or situation (conditioned stimulus, CS) is presented 54 repeatedly in the absence of danger (or unconditioned stimulus). These similarities, coupled to 55 the realization that human anxiety disorders are associated with an extinction deficit (Blechert et 56 al. 2007 , Milad et al. 2008 ), have led to an explosion of interest for the mechanisms underlying 57 extinction (Myers and Davis 2007, Quirk and Mueller 2008). 58 Although extinction likely engages multiple parallel mechanisms, accumulating data 59 suggest that intercalated (ITC) amygdala neurons, a population of GABAergic cells (Nitecka and 60 Ben-Ari 1987, Pare and Smith 1993a, McDonald and Augustine 1993), play a critical role in 61 extinction. Indeed, selective lesions (Likhtik et al. 2008) and pharmacological inhibition of 62 basolateral (BL) inputs to ITC cells (Jungling et al. 2008) interfere with extinction. Moreover, 63 an ex vivo study revealed that extinction training causes a potentiation of BL inputs to ITC cells, 64 an effect dependent on infralimbic (IL) activity for its induction and on postsynaptic mechanisms 65 for its expression (Amano et al. 2010). Thus, these results suggest that following extinction, CS-66 related BL inputs trigger, via ITC cells, more feedforward inhibition in the medial sector of the 67 central (Ce) nucleus (CeM), leading to a reduction in conditioned fear. 68 Currently, several factors hinder progress in understanding how ITC cells regulate fear 69 expression. First, although experimental studies on extinction are typically performed in rats and 70 mice, the majority of studies on ITC cells were performed in guinea pigs and cats (Pare and 71 Smith 1993ab, Collins and Pare 1999, Royer et al.
as predicted by extinction models. The unique response pattern of ITC cells to infralimbic 48
stimuli can now be used to identify them in fear conditioning experiments. 49 50 instance, whereas reports in cats, guinea pigs and mice (reviewed in Pape and Pare 2010) 75 suggested that ITC cells contribute a strong projection to Ce, the only available study in rats 76 questioned the existence of this projection (Shammah-Lagnado et al. 1999) . 77
Second, we lack criteria to identify ITC cells on the basis of their discharge pattern and The present report relied on two different approaches. To study the connections of ITC 94 cells with each other and other amygdala nuclei, coronal slices of the amygdala were prepared 95 and ITC cells were labeled with neurobiotin during whole-cell patch recordings in brain slices 96 kept in vitro. To study the firing pattern and IL responsiveness of ITC cells, we performed 97 juxtacellular recording of ITC cells in urethane-anesthetized rats. We describe these two 98 approaches in turn below. 99 100
Whole-cell patch recording of ITC cells in vitro 101

Slice preparation 102
These experiments were performed using coronal brain slices obtained from 30 Sprague-103
Dawley rats (100-150 g). The rats were anesthetized with ketamine, pentobarbital, and xylazine 104 (respectively 80 mg/kg, 60 mg/kg, and 12 mg/kg, i.p.). After abolition of all reflexes, they were 105 perfused through the heart with a cold ( °C) modified artificial cerebrospinal fluid (aCSF) that 106 contained (in mM): 126 choline chloride, 2.5 KCl, 1.25 NaH 2 PO 4 , 1 MgCl 2 , 2 CaCl 2 , 26 107 NaHCO 3 , and 10 glucose. The brains were then extracted and cut in 400 µm-thick slices with a 108 vibrating microtome while submerged in the same solution as for the transcardial perfusion. 109
After cutting, slices were transferred to an incubating chamber where they were allowed to 110 recover for at least one hour at 20°C in a control aCSF with the same composition as that used 111 above with the exception that NaCl was substituted for choline chloride (pH 7.3, 300 mOsm).
The slices were then transferred one at a time to a recording chamber perfused with the same 113 solution (7 ml/min). Before the recordings began, the temperature of the chamber was gradually 114 increased to °C. 115
116
Electrophysiology 117
Under visual guidance with differential interference contrast and infrared video-118 microscopy, we obtained whole-cell patch recordings of ITC neurons using pipettes (7-10 MΩ) 119 pulled from borosilicate glass capillaries and filled with a solution containing (in mM): 130 K-120 gluconate, 10 N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, 10 KCl, 2 MgCl2, 2 ATP-121
Mg, and 0.2 GTP-tris(hydroxy-methyl)aminomethane (pH 7.2, 280 mOsm) and 0.5% 122 neurobiotin. The liquid junction potential was 10 mV with this solution and the membrane 123 potential was corrected accordingly. Current-clamp recordings were obtained with an Axoclamp 124 2B amplifier and digitized at 10 kHz with a Digidata 1200 interface (Axon Instruments, Foster 125 City, CA). 126
To characterize the electroresponsive properties of recorded cells, graded series of 127 depolarizing and hyperpolarizing current pulses (20 pA, 500 ms in duration) were applied from 128 rest and other pre-pulse potentials. The input resistance (R in ) of the cells was estimated in the 129 linear portion of current-voltage plots. 130
No special current injection protocol had to be used to label ITC cells with neurobiotin. 131
It diffused into the cells as we studied their electroresponsive properties. At the conclusion of the 132 recordings, the slices were removed from the chamber and fixed for 1 to 3 days in 0. we used a range of stimulation intensities (0.2-1.5 mA, 100 µs), the results section reports the 167 response patterns obtained with the same stimulation intensity at the two stimulated sites (1 mA). 168
Each time a responsive cell was encountered, we recorded its spontaneous activity for ≥ 3min 169
and their responsiveness to IL and brainstem stimuli. Below, the term spike burst refers to a 170 cluster of spikes with relatively stereotyped features (comprised of two or more spikes occurring 171 at a frequency ≥ 150 Hz). 172
Extracellular data was amplified 1000 times with Multiclamp700B, (Molecular Devices, 173 Sunnyvale, CA) using a bandwidth of 0.1 to 6 kHz. The data was sampled at 20 kHz, stored on a 174 hard drive, and analyzed off-line with custom-made programs written in Matlab (Natick, MA) 175 and Igor (Wavemetrics, Lake Oswego, OR). Analyses of spike shapes were performed in 176
Matlab. 177
Because Ce and BL neurons have differential projections to the brainstem and IL cortex 178 (Krettek & Price 1977 , Hopkins & Holstege 1978 , McDonald 1991 , at some point during a 179 proportion of electrode tracks, we observed an abrupt transition in the stimulating sites effective in backfiring recorded neurons (from brainstem to IL stimuli). The region located between the 181 last Ce cell antidromically responsive to brainstem stimuli and the first BL cell backfired from 182 the IL cortex therefore corresponded to the Ce-BL border where ITC cells are known to be 183 located. Thus, we then moved the electrode back to the position of the last antidromically 184 responsive Ce cell and, without withdrawing the pipette from the brain, moved the pipette 20-40 185 µm laterally or medially. After a delay of 20 min, the pipette was moved ventrally again and the 186 first juxtacellularly-recorded neuron that was spontaneously active and/or orthodormically 187 responsive to stimulation of any of our stimulation sites (IL, brainstem) was labeled with 188 neurobition. This was achieved by applying positive current pulses (100 ms) at 5 Hz for 1-5 189 minutes via the recording pipette. The current amplitude was adjusted to the minimum required 190 to make the cell discharge at each current injection cycle. During this period, if prior to current 191 injection the cell was responsive to IL stimulation, electrical stimuli were delivered at the same 192 site every 30 sec to make sure the firing properties of the cell remained constant. We attempted 193 to label only one cell per experiment. 194
After labeling, the rats were given an overdose of pentobarbital (80 mg/kg), perfused 195 with 150 ml of saline (0.9%) followed by 150 ml of a fixative containing paraformaldehyde (4%) 196 and glutaraldehyde (0.5%) in 0.1 M phosphate buffer (pH 7.4). The brain was then removed 197 from the skull and sectioned at 100 µm on a vibrating microtome. 198 199
Neurobiotin revelation 200
Slices from in vitro recordings were embedded in agar (3%) and re-sectioned at 100 µm. 201
Following this, the same approach was used to reveal neurobiotin-labeled neurons recorded in 202 vitro and in vivo. Sections were washed several times in phosphate buffer (PB, 0.1 M, pH 7.4) and then transferred to a H 2 O 2 solution (0.5%) in PB for 15 min. After numerous washes in PB, 204 sections were incubated for 12 h at 20 o C in a solution containing 0.5% triton, 1% solutions A and 205 B of an ABC kit (Vector, Burlingame, CA) in PB. The next day, they were washed in PB (5 x 10 206 min). Neurobiotin was visualized by incubating the sections in a 0.1 M PB solution that 207 contained diaminobenzidine tetrahydrochloride (0.05%, Sigma), 2.5mM nickel ammonium 208 sulfate (Fisher) and H 2 O 2 (0.003%) for 5-10 min. Then, the sections were washed in PB (5 X 10 209 min), mounted on gelatin-coated slides, and air-dried. The sections were then counterstained 210 with cresyl violet and coverslipped with permount for later reconstruction. 211
All visible processes of the labeled neurons were observed in a microscope using a 40X 212 objective and photographed. Typically, their processes extended over several sections. To align 213 the sections, we layered the photographs in Photoshop (Adobe Systems Incorporated, CA) and 214 used blood vessels or other obvious landmarks present in the various sections to align them. The 215 layers were then collapsed and the entire neuron drawn. Below, note that in order for a neuron to 216 be considered as projecting to a particular nucleus, it had to meet two conditions. First, it had to 217 contribute an axon to this nucleus. Second, the axonal segment seen in this nucleus had to bear 218 axonal varicosities. 219 220
Processing for µ-opioid receptor (µOR) immunohistochemistry 221
The transcardial perfusion was as for the in vivo experiments described above with the 222 exception that the fixative also contained picric acid (0.2%) but no glutaraldehyde. After 223 extraction of the brain, overnight post-fixation, and cutting (all as for the in vivo experiments), 224 half the sections (100 µm) were stained with cresyl violet and the other half processed to reveal 225 μOR immunoreactivity. The µOR antibody was obtained from DiaSorin, Inc. (Stillwater, MN).
This antibody was previously characterized for specificity and cross-reactivity (Kalyuzhny et al., 227 1996; Wilson et al., 2002) . For instance, absorption of the µOR antibody with its antigen (35 228 mg/ml) abolished all immunostaining. Furthermore, in our experiments, omission of the antibody 229 from the following protocol abolished all differentiated staining. The sections were washed in 230 phosphate buffer saline (PBS; 4 X 5 min) and then incubated in H 2 O 2 (0.5%) in PBS for 15 min, 231 washed in PBS (4 X 5 min), pre-incubated in a blocking solution (10% normal goat serum, 1% 232 BSA, Triton-X100, 0.3%), and incubated overnight in the primary antibody solution containing a 233 µOR antibody from ImmunoStar (Hudson, WI; 1:4000), 1% normal goat serum, 1% BSA, and 234
Triton-X100 (0.3%) in PBS. Then, sections were incubated in the secondary antibody solution 235 (Jackson, West Grove, PA, 1:200), followed by the avidin-biotin-complex (Vector, Burlingame, 236 CA). After several washes in PBS, the immunoreactivity was then revealed by incubating the 237 sections in a 0.1 M PB solution that contained diaminobenzidine tetrahydrochloride (0.05%, 238 Sigma), 2.5 mM nickel ammonium sulfate (Fisher) and H 2 O 2 (0.003%) for 5-10 min. Then, the 239 sections were washed in PB (5 X 10 min), mounted on gelatin-coated slides, and air-dried. We 240 then compared the position of ITC cell clusters on adjacent sections processed to reveal µOR or 241 stained with cresyl violet. 242 243
Histological identification of ITC cell clusters 244
Below, we considered that a neurobiotin-labeled neuron was an ITC cell when 245 counterstaining with cresyl violet revealed that it was located in a densely packed cluster of 246 darkly stained neurons at the BL-Ce border. This approach was selected on the basis of earlier 247 work and additional tests, as described below. Previously, it was reported that in amygdala 248 sections processed to reveal GABA immunoreactivity or counterstained with cresyl violet, ITC cells are conspicuous because they occur as densely packed and darkly stained clusters of small 250 neurons (Pare and Smith 1993ab, 1994). Moreover, in adjacent sections of the rat amygdala, a 251 close correspondence was found between the positions of the ITC cell clusters labeled with these 252 two methods (see cresyl violet corresponded to patches of dense µ-OR immunoreactivity. As shown in figure 1, a 256 close correspondence was found between the position of ITC cell clusters ( Fig. 1, arrows) in 257 adjacent sections stained with cresyl violet (Fig. 1A) or processed to reveal µ-OR 258 immunoreactivity ( Fig. 1B) . However, pilot tests revealed that the intensity of the µOR 259 immunoreaction was so high that it interfered with visualization of neurobiotin-labeled neurons. 260
In order to prevent the µOR staining from interfering with the visualization of the neurobiotin-261 labeled cells, the revelation time had to be reduced. However, we found that at a lower intensity, 262 the µOR staining became no more useful than the cresyl violet to identify ITC cell clusters yet 263 required much more processing. Given that counter-staining with cresyl violet yielded highly 264 reproducible results, we opted for this approach to identify ITC cell clusters for both in vitro and 265 in vivo experiments. 266
267
RESULTS 268
Nomenclature used to describe ITC cell clusters at the BL-Ce border 269
As previously reported (Millhouse 1986 ), ITC cell clusters are found along the external 270 capsule as well as in and around the fiber bundle located between the BL and Ce. The present 271 report focuses on the latter groups of ITC cells. In sections counterstained with cresyl violet ( Fig. 1A) or processed to reveal µOR immunoreactivity ( Fig. 1B) , several ITC cell clusters can 273 be seen at the BL-Ce border. Dorsally, there is a rather wide cluster close the dorsolateral edge 274 of the central lateral nucleus (CeL). Below, we will use the abbreviation ITCd to refer to this 275 dorsal cluster ( Fig. 1) . More ventrally, one can usually see one or more thinner and elongated 276 ITC clusters immediately lateral or ventrolateral to CeM. Below, we will use the abbreviation 277
ITCv to designate these more ventral clusters ( Fig. 1) . Finally, ventral to CeM, especially at 278 rostral levels of the amygdala, one can see a large ITC cluster. Its size varies depending on the 279 rostrocaudal level, but it can be as wide as 1 mm. Below, we will use the abbreviation ITCm (for 280 main) to refer to this cluster ( Fig. 1) . Besides its larger size, ITCm can be distinguished from 281
ITCv because the latter is always found in the fiber bundle separating BL from more medially 282 located amygdala nuclei whereas ITCm is not. 283 284
In vitro experiments: connectivity of ITC neurons 285
During patch recordings in coronal slices of the amygdala, a total of 30 ITC cells were 286 labeled with neurobiotin and recovered: 19 were ITCd cells and 11 were ITCv neurons. The 287 physiological properties of these ITC cells matched the descriptions found in previous reports 288 (Royer et al. 1999 (Royer et al. , 2000ab, 2002 (Royer et al. , 2003 and ITCv (Fig. 2B,C) neurons at low (panels 1) or high magnifications (panels 2-4). Irrespective 296 of their position, ITC cells displayed a moderate to high density of dendritic spines ( Fig.  297 2A4,B4) and contributed varicose axons (Fig. 2A3,B3 ) that ramified in various ways (see 298 below). The appearance of their dendritic trees matched the shape of the clusters where their 299 somata were located. Indeed, ITC cells located in the larger dorsal clusters tended to have radial 300 and multipolar dendritic trees ( Fig. 2A2) whereas those located in the thinner ventral clusters 301 cells typically had flattened and bipolar dendritic arborizations ( Fig. 2B2) . 302
Although the electroresponsive properties of ITCd and ITCv cells were statistically 303 indistinguishable (t-tests, p>0.05), marked differences in their projection patterns were observed. 304
See figure 3 for representative examples of ITCd ( Fig. 3A1-4) or ITCv ( Fig. 3B1-4) neurons. As 305 a group, ITCd neurons projected to three sites: CeL ( Fig. 3A1-4) , the amygdalostriatal transition 306 area (ASt; Fig. 3A2,A4) and to other ITC cell clusters located more ventrally (Fig. 3A2, A3) . 307
There were no significant differences in the incidence of projections to the three sites (Fisher 308 Exact Probability Test, p = 0.5; CeL 58% or 11 of 19; ASt 53% or 10 of 19; ITCv 37% or 7 of 309 19) and many ITCd cells (58% or 11 of 19) projected to more than one of these three sites. 310 However, the latter percentage is probably an underestimate because several axonal branches 311 were seen to exit the plane of the slice close to the parent somata. 312
In contrast with ITCd cells, no ITCv neurons projected to ASt or CeL ( Fig. 3B1-4) . 313
Instead, they projected to CeM (45% or 5 of 11; Fig. 3B1,2) . In addition, 73% of ITCv cells (or 314 8 of 11) contributed one or more axonal branches toward ITCm neurons ( Fig. 3B3,4) . In this 315 case too, the above probably underestimates the extent of the axonal arborization of ITCv cells as 316 many axonal branches were seen to exit the plane of the slice close to the parent somata.
In summary, the general principles emerging from the above are that ITC cells located at 318 the BL-Ce border project to Ce and to other ITC cells located more ventrally. The main 319 difference between ITCd and ITCv cells resides in the particular sector of Ce they target: CeL in 320 the case of ITCd cells and CeM in the case of ITCv neurons. 321 322
Synaptic responsiveness and spontaneous activity of ITC cells in vivo 323
Since the goal of the in vivo experiments was to determine whether ITC neurons could be 324 distinguished from other types of amygdala neurons on the basis of their extracellularly recorded 325 activity, we first describe the behavior of cells in the amygdala nuclei adjacent to ITC cells: BL 326 and Ce. We will then compare the activity of these cells to that of ITC neurons. Below, Following histological reconstructions of 29 electrode tracks ( Fig. 4A) , we determined 330 that a total of 71 and 158 spontaneously active and/or anti-or orthodromically responsive 331 neurons were recorded in BL and Ce, respectively. 332
333
BL neurons 334
It should be noted that a minority of the cells described in this section were recorded in 335 the lateral nucleus (LA, n = 17). For simplicity, we pooled these LA neurons with BL cells 336 because their spontaneous activity and responsiveness did not differ appreciably from that seen Fig 4C) . In most of these orthodromically responsive BL cells (4 of 7), IL 354 stimuli elicited single spikes (Fig. 5B1) . See Figure 5C for an exception to this general rule. 355
Here, it should be noted that when we stimulated IL, it is likely that current diffused from the 356 stimulation site and activated neuronal processes in neighboring cortical fields (such as the 357 prelimbic area) or coursing through or close to IL en route to other cortical regions. This effect 358 could have artificially increased the proportion of antidromically responsive BL cells. 359
No BL neurons were antidromically responsive to brainstem stimuli (Fig. 4D) . However, 360 a few BL cells were orthodromically activated by brainstem stimuli (7% of cells or 5 of 71; 361 latency, 5.8 ± 0.5 ms; Figs. 4E, 5E) . 362
Ce neurons 364
As was seen in BL, the spontaneous firing rates of Ce neurons were extremely low, with 365 the majority of cells (77 % or 122 of 158) firing ≤ 0.1 Hz. In response to brainstem stimuli, a 366 high proportion of Ce cells generated antidromic spikes (67% or 106 of 158, latency, 19.2 ± 1.2 367 ms; Fig. 4D, 5D ) and a minority, orthodromic responses ( Fig. 4E ; 4% or 7 of 158, latency of 9.9 368 ± 0.7 ms). As in BL, Ce projection neurons (identified as such by antidromic invasion from 369 brainstem) fired at significantly lower rates than the unidentified cells (projection cells, 0.07 ± 370 0.04 Hz, n = 106; unidentified, 2.10 ± 0.65 Hz, n = 52; t-test, p = 0.007). In contrast to BL 371 however, no Ce neurons were backfired from IL (Fig. 4B) although a few unidentified cells 372 (15% or 24 out of 158; Fig. 4C ) displayed long-latency (18.4 ± 1.2 ms) orthodromic responses 373 that always consisted of single spikes. Finally, it should be mentioned that IL stimulation 374 produced a dramatic reduction in the firing rate of all the spontaneously active Ce projection 375 cells we encountered, as previously reported (Quirk et al. 2003) . 376
377
ITC cells 378
Because of the small size of ITC cell clusters, post-hoc histological reconstructions of 379 electrode tracks marked with electrolytic lesions do not provide sufficient resolution to determine 380 whether a given recorded cell is indeed an ITC cell. To circumvent this difficulty, the following 381 approach was used. Micropipettes containing 1.5% neurobiotin were aimed to Ce and gradually 382 lowered, applying brainstem and IL stimuli at regular intervals along the electrode track. 383
Because Ce and BL neurons have differential projections to the brainstem and IL, at some point 384 during most tracks, we observed an abrupt transition in the stimulation sites effective in 385 backfiring recorded neurons (from brainstem to IL stimuli; Fig. 6A ). The region located between the last Ce cell antidromically responsive to brainstem stimuli and the first BL cell backfired 387 from IL therefore corresponded to the Ce-BL border where ITC cells are known to be located. 388
Thus, the electrode was then retracted to the position of the last antidromically responsive Ce cell 389 and moved 20-40 µm laterally or medially, while still in the brain. After a 20 min delay, the 390 pipette was moved ventrally again and the first juxtacellularly-recorded neuron that was 391 spontaneously active and/or orthodromically responsive was labeled with neurobiotin. In other 392 cases, the pattern of antidromic responsiveness only allowed estimation of the ventral border of 393 Ce or dorsal border of BL. In such cases, the pipette was again retracted to the estimated 394 position of the BL-Ce border and we then used the same approach as described above. 395
The position of the Ce-BL border could be estimated based on the pattern of antidromic 396 responsiveness of Ce and/or BL neurons in 47 out of 150 rats. In 26 out of these 47 rats, a 397 neurobiotin-labeled cell was successfully recovered. Of these, 19 were located immediately 398 adjacent to (n=7, Fig. 6B, empty squares) or within ITC cell clusters (n =12, Fig. 6B, filled  399 circles). Except for notable variations in spontaneous firing rates (range 0 to 1.8 Hz, 0.36 ± 0.17 400 Hz), ITC cells exhibited remarkably stereotyped features, some of which unambiguously 401 distinguished them from BL and Ce neurons. Indeed, none of these ITC cells could be backfired 402 from IL (Fig. 4B) or brainstem ( Fig. 4D) and all were orthodromically responsive to IL stimuli 403 ( Fig. 4C) . In all ITC cells where we tested the impact of ipsi-and contralateral IL stimuli (n = 404 2), orthodromic discharges could be evoked from both hemispheres. 405 Figure 7A contrasts the properties of IL-evoked orthodromic responses in 406 morphologically-identified ITC cells vs. BL and Ce neurons. In most ITC cells (75% or 9 of 12), 407 IL shocks evoked high-frequency orthodromic spike bursts. The proportion of cells generating 408 two or more orthodromic spikes in response to IL stimulation was significantly higher in ITC cells than BL (4%) or Ce (0%) neurons (Fisher exact probability test, p < 0.0001; Fig. 7A1) . 410
Here, it should be mentioned that these response patterns were obtained with IL stimuli of 1 mA 411 (0.1 ms). However, we routinely tested higher stimulation intensities (up to 1.5 mA) and could 412 never make BL or Ce neurons change their response pattern from single spikes to spike bursts. 413
Moreover, for those cells generating more than one spike in response to IL stimuli, the number of 414 spikes per bursts was significantly higher in ITC cells (t-test, p = 0.03; Fig. 7A2) . Last, the peak 415 instantaneous firing frequency during IL-evoked spikes bursts was significantly higher in ITC 416 cells (t-test p = 0.00013; Fig. 7A3 ). However, there were no significant differences between the 417 latency of IL-evoked responses between ITC and BL neurons (Fig. 7A4) . 418
Figure 7B-D depicts three examples of morphologically-identified ITC cells (panels 1), 419
their responses to IL stimulation (panels 2), and their morphological properties (Fig. 7E) . As 420 seen in the in vitro experiments, the shape of their dendritic trees generally matched the shape of 421 the clusters where their somata were located with ITC cells located in ITCd clusters having 422 radial and multipolar dendritic trees (Fig. 7B1) whereas those located in ITCv clusters had 423 flattened and usually bipolar dendritic arborizations (Fig. 7C1) . These cells also had spiny 424 dendrites (insets in Fig. 7E1,E2) . Their axonal projections were also consistent with those seen 425 in the in vitro experiments (Fig. 7E3,4) . The incidence of IL-evoked bursting was similar in 426 ITCd (Fig. 7B2) and ITCv cells (Fig. 7C2, D2) . The latency of IL-evoked responses typically 427 ranged between 10 and 14 ms (Fig. 7B2, D2) . The case illustrated in figure 7C2 was 428 exceptional in this respect. amygdala neurons using these more accessible properties. For instance, whether we considered 442 the overall duration (Fig. 8A) or rising slope (Fig. 8B) of action potentials, distributions in the 443 three nuclei overlapped extensively. Similarly, firing rate ( Fig. 8C) and interspike interval (ISI) 444 distributions could not be used to distinguish BL, Ce, and ITC cells. The latter variable proved 445 especially indiscriminating because a vast majority of cells at the three sites exhibited extremely 446 sparse spike trains (Fig. 8D ) that consisted of isolated single spikes (generally < 2% of ISIs 447 below 100 ms). 448
Last, we also tried to distinguish ITC, Ce, and BL cells by taking into account the entire 449 spike shape using principal component analysis. Whether we considered all Ce and BL cells, or 450 restricted out attention to identified projection cells at these two sites, ITC cells could not be 451 discriminated from Ce and BL neurons with this method either. 
Projections of ITC cells in different species 471
To compare the pattern of findings obtained in guinea pigs and cats to the results 472 obtained here in rats, one must take into account the differing orientation of the amygdala in 473 these species. In the rat amygdala, Ce is medial to BL whereas in cats and guinea pigs, Ce is 474 dorsal to BL. Thus, the dorsoventral axis of the rat amygdala corresponds to the lateromedial axis of the cat and guinea pigs amygdala. As a result, laterally vs. medially located ITC cell 476 clusters in cats and guinea gigs respectively correspond to ITCd and ITCv clusters in rats. 477
In previous studies in cats and guinea pigs, it was reported that ITC cells project to Ce 478 (Pare et al. 1993b , Royer et al. 1999 ) and to other ITC cells (Royer et al. 2000b ). Using labeling 479 of single ITC cells with neurobiotin in slices of the guinea pig amygdala (Royer et al. 1999 (Royer et al. , 480 2000b , it was observed that ITC projections to Ce are topographically organized such that 481 laterally located ITC cells (ITCd of rats) project to CeL and ASt whereas medially located ITC 482 cells (ITCv of rats) project to CeM. In addition, ITC projections to other ITC cells were 483 directionally polarized in that they only targeted more medially-located ITC cells (more ventrally 484 located ITC cells in rats). 485
Thus, once the differing orientation of the amygdala in the two species is taken into 486 account, the results obtained in guinea pigs and rats seem identical since we found that ITCd 487 cells projected to CeL but not CeM whereas the opposite was seen in ITCv neurons. Therefore, 488 it appears that the connectivity of ITC cells is well preserved across species. In keeping with 489 this, the results obtained in mice by Geracitano et al. 
Distinctive responsiveness of ITC cells to IL inputs 493
Because several lines of evidence implicated ITC cells and IL in extinction, it was natural 494 to assume that the two sets of findings were causally related. In support of this, tracing studies 495 The results of the present study support this suggestion. IL stimuli elicited orthodromic 506 spikes in all tested ITC cells. In 75% of them, we observed that IL stimuli evoked high-507
frequency (up to 350 Hz) trains of 4-6 action potentials. This pattern of responsiveness was never 508 seen in Ce or BL neurons. In LA, we did see a few cells generating more than one spike in 509 response to IL stimuli. However, these spike bursts were comprised of significantly fewer spikes, 510 were characterized by significantly lower intra-burst frequencies, and were only seen in cells that 511 were far from the Ce-BL border, in the lateral third of LA. As a result, conventional methods for 512 histological reconstructions of electrode tracks would allow investigators to determine that these 513 cells are not ITC neurons. 514
However, because the present experiments were conducted under urethane anesthesia, it 515 is possible that the IL responsiveness and firing pattern of ITC cells is different in awake 516 behaving animals. Although this possibility cannot be excluded at the present time, since 517 anesthetics generally depress neuronal excitability, we would expect ITC cells to display even 518 stronger IL responses and higher spontaneous firing rates in behaving animals. Consistent with 519 this notion, a previous study in unanesthetized cats (Collins and Pare 1999) reported that ITC 520 cells had much higher spontaneous firing rates than observed here. Therefore, we propose that the distinctive responses of ITC cells to IL inputs constitute a reliable 522 criterion to identify them in behaving animals. As a result, it will now be possible to test 523 whether the behavior of ITC cells can explain extinction, renewal, and reinstatement. 524 525
Multiple superimposed layers of inhibition between the input and output stations of the amygdala 526
Although the above focused on the role of ITC cells in extinction, our findings have 527 significant implications for the mechanisms supporting the acquisition and expression of 528 conditioned fear. Indeed, by virtue of the fact that ITCd and ITCv cells are respectively adjacent 529 to LA and BL, one can expect that LA outputs constitute a major determinant of ITCd activity 530 whereas BL outputs should prevalently affect ITCv neurons. And in fact, such a topographic 531 arrangement was seen in guinea pigs (Royer et al. 1999 ). Thus, taking into account the differing 532 orientation of the amygdala in rats in guinea pigs, this would mean that LA neurons target ITCd 533 cells that in turn inhibit CeL neurons whereas BL would drive ITCv cells, resulting in the 534 inhibition of CeM neurons (Fig. 9) . Superimposed on these topographic relations between the 535 basolateral amygdala, ITC cell clusters, and Ce, are two additional layers of inhibition. First, 536 there are inhibitory projections from ITCd to ITCv cells, as well as from CeL to CeM ( Fig. 9 contributed axon collaterals to one or more of the following sites: CeL (A1-4), the amygdalostriatal transition area (ASt; A2,4), or to ITCv cells (A2,3). ITCv cells contributed axon 737 collaterals to CeM (B1,2,4) and/or to the large ITC clusters (ITCm; B1,3,4) . CeM. We hypothesize that fear conditioning produces a potentiation of LA inputs to ITCd cells 807 whereas extinction training causes a potentiation of BL inputs to ITCv neurons. The latter view 808 is in apparent contradiction with the fact that IL projects to both ITCd and ITCv clusters and that 809 ITCd cells inhibit ITCv neurons. This raises the following question: can IL inputs to ITCv cells 810 overcome the inter-ITC inhibition to inhibit CeM cells? According to a recent modeling study 811 (Li et al., 2011) , IL inputs are so strong that they can overcome the inter-ITC inhibition to cause 812 a marked increase in the firing rate of ITCv cells, leading to a persistent decrease in CeM output. 813
Last, it should be mentioned that to improve readability, the scheme does not include two well 814 established facts about this circuit namely the existence of BL projections to CeL (Krettek and 815 Price 1978) and the presence of two CeL cell types with opposite responses to conditioned 816 stimuli but unknown connectivity with ITC cells. The latter are discussed in the main text. 
